The impacts of invasive alien plants (IAP) and their subsequent clearing by the Working for Water Programme (WfW) on (a) overstorey (woody plant) vegetation structure, (b) invasion intensity (overstorey aerial cover of woody alien plants) and (c) ground cover, in a temperate to subtropical riparian ecosystem were studied in 1996/7 and again in 2005, in order to provide a longer-term perspective on the effectiveness of WfW clearing. Forty 1000 m 2 plots were surveyed and resurveyed, comparing between (a) higher altitude Grassland and lower altitude Savanna, (b) high (N 50% invasion intensity) versus low (b 50% invasion intensity) alien invasion sites, and (c) WfW cleared versus uncleared sites (the three 'treatments'). Pre-clearing estimates from cut stumps in 1996/7 indicated high alien invasion intensities of 72 ± 8% in Grassland and 69 ± 11% in Savanna. From 1996/7 to 2005 there was a large decrease in aerial cover of alien trees of N 5 m and to a lesser extent 2-5 m in height, and a large increase in alien plants of b 2 m. Hence WfW was initially successful, with the original tall Eucalyptus grandis tree layer largely removed. However, total invasion intensity remained unchanged over the first decade (30.4 ± 4.6% in 1996/7, 31.9 ± 3.2% in 2005). From 1996/7 to 2005, grass and herbaceous cover decreased, while bare soil and litter increased, indicating reduced surface stability. This was in response to (a) the major flood event of February 2000, (b) the effects of IAP invasions and (c) WfW clearing. Total ground vegetation cover was negatively related to alien aerial cover in both biome reaches in 1996/7 and 2005. By 2005, there were no longer any differences in the aerial cover of woody alien plants in response to the original 1996/7 invasion intensity or clearing 'treatments', and hence progressive homogenization of IAP cover. Aerial cover of woody indigenous plants also responded negatively to increasing alien aerial cover in 1996/7 and 2005 in both Savanna and Grassland. In conclusion, the nature of the IAP problem has changed from dealing largely with relatively few large E. grandis trees in the mid-90s, to the present large suite of invasive species with numerous smaller individuals. This has implications for the time needed for clearing. This is one of few studies to have assessed the initial and longer-term (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005) effectiveness of WfW clearing operations. It shows that improved IAP clearing protocols are needed. More follow-up treatments are recommended to 'capture' alien resprouts and new seedlings before they establish and reproduce. Secondly, integrating clearing with restoration of the tall indigenous riparian canopy tree species in heavily invaded sites would help to shade out many alien recruits.
Introduction
It is well known that invasive alien plants (IAP) affect the structure and function of ecosystems (Witkowski and Mitchell, such as floods (Holmes et al., 2005; Richardson et al., 2007) . There are numerous other disturbances as rivers are often highly utilized by large herbivores and humans, particularly in African savannas, which are considered non-equilibrium systems (Witkowski and O'Connor, 1996) . Hence, although the increased disturbance from the clearing may result directly in alteration of community diversity and structure (Petraitis et al., 1989) , it is only one of numerous disturbances in these environments. Alien species often quickly (re)colonize after a disturbance and may dominate during early succession and alter conditions for seedling establishment (Bellingham et al., 2005) . Therefore, there is a need for longer-term observations in the assessment of vegetation restoration in areas that have been disturbed by clearing of invasive species. Furthermore, local soil erosion may increase in areas densely invaded by alien trees, as the ground cover that provides surface stability (grass and herbaceous vegetation) is reduced or even excluded by the alien plant canopy (Cowling et al., 1976) . Furthermore, alien trees produce considerably more litter than indigenous vegetation in some ecosystems, and in certain situations this litter accumulates into a thick layer (Witkowski and Mitchell, 1987; Witkowski, 1991a) , which may further reduce 'ground cover vegetation' by preventing seedlings from establishing. Greater litter production may result from higher biomass (Van Wilgen and Richardson, 1985) and growth rates (Witkowski, 1991b) of IAP relative to indigenous species.
The Sabie River catchment is part of the Wolkberg centre of biodiversity (Cowling and Hilton-Taylor, 1994) , with numerous red-listed birds (Allen et al., 1997) , 163 red-listed plant species (Matthews et al., 1993; Nel et al., 1999) , as well as numerous reptiles, amphibians, mammals, and a rich aquatic fauna. The Sabie River catchment is situated in the Lowveld region of Mpumalanga province, South Africa, and supplies water for commercial and conservation uses, and has been severely affected by IAP for many years (Garner and Witkowski, 1997) . By 2000, over half the catchment had been transformed by forest plantations, and about 23% invaded by IAP (Le Maitre et al., 2002) . The Sabie River traverses Grasslands and Savannas, and according to Rutherford and Westfall (1994) , the major woody invaders are wattles (Acacia spp.) and commercial species such as Eucalyptus spp. and Pinus spp. More recent reports also list Solanum mauritianum, Lantana camara and Rubus spp. (Garner and Witkowski, 1997) , and Caesalpinia decapetala (Le Maitre et al., 2002) . Foxcroft et al. (2007) have also assessed the risks of IAP species present in this and other catchments invading the Kruger National Park. As early as 1987, it was estimated that plantations in the upper Sabie River catchment reduced natural flow by 45%, irrigation by 14%, while human use and water for livestock accounted for 1% (Nel et al., 1999) . As a consequence of the importance of the Sabie River for agriculture, human consumption and eco-tourism, the Working for Water Programme (WfW) has been clearing IAP on it for N10 years (1995 to the present).
This study forms part of a national project in which targets for ecosystem repair in riparian ecosystems in the Fynbos, Grassland and Savanna biomes have been developed (Holmes et al., 2005 (Holmes et al., , 2008 , with the later two biomes the focus of this study. After two national workshops (Cape Town in September 2004 and Grahamstown in January 2006) , it became clear that it was vital to assess the effectiveness of WfW clearing in terms of (a) controlling IAP and (b) assessing the recovery of indigenous riparian plant community structure and composition, as well as associated environmental factors. "Effectiveness" in this study explicitly refers to a reduction in invasion intensity (percentage aerial cover of woody alien plants: the greater the alien aerial cover the higher the invasion intensity) after clearing, as well as recovery of the indigenous flora.
This study aimed to determine the impacts of IAP and WfW clearing (from 1996/7 to 2005) on (a) riparian overstorey (woody) vegetation structure, (b) alien tree aerial cover and (c) ground (grass and herbaceous plants, litter, rock and bare soil) cover, along the Sabie River riparian ecosystem. The initial objective was to compare and contrast sites of (a) low versus high invasion intensity, within (b) cleared and uncleared areas at the start of WfW in the 1996/7 growing season, along reaches traversing through (c) higher altitude Grasslands and lower altitude Savannas (the three initial 'treatments'). It was important to assess the effectiveness of WfW as early as possible and before all sites were cleared so that cleared and uncleared sites of different invasion intensities could be assessed from the start. Hence the initial effectiveness in 1996/7 was also assessed using cut tree stumps to determine changes in pre-and postclearing alien invasion intensity. The second objective, undertaken approximately a decade later in 2005, was to reassess the same sites in order to provide a longer-term perspective on the effectiveness of WfW clearing. Table 1 Coordinates, altitudes, slopes, aspects, annual precipitation, and daily minimum and maximum temperatures (mean ± S.E.) of the riparian ecosystem study plots within the Sabie, Graskop (both Grasslands, n = 10 each) and Hazyview (Savanna, n = 20) 1012.5 ± 9.9 1286.5 ± 20.2 1056.9 ± 3.9
Mean January daily maximum temperature ( Mean annual precipitation and daily temperatures are interpolated from Schulze's (1997) climate surface for South Africa, using the coordinates of the plots as inputs. Values with different superscript letters within rows are significantly different (Tukey HSD, P b 0.05).
Study area
The Sabie River catchment is about 7096 km 2 in area (Van Coller et al., 1997) . Study plots were located along (and within 30 m) of the Sabie River, with higher altitude sites situated relatively close to the towns of Sabie and Graskop (Grassland), while lower altitude sites were relatively close to the town of Hazyview (Savanna) ( Table 1 ). The slopes of Savanna plots were steeper, with more variable aspects ( Table 1) . The landscape context (surrounding land use) adjacent to all 40 plots was Eucalyptus plantations. The Sabie River has its source in the Drakensberg escarpment at an altitude of 2200 m, and runs through Sabie and Graskop and then to Hazyview, and enters the Kruger National Park (KNP) 104 km downstream (450 m a.s.l.; Morris et al., 2008-this issue) .
The study sites have a temperate to subtropical climate, with warm to hot rainy summers and warm dry winters. The flow of the river is perennial and flooding is closely associated with the highly seasonal rainfall. During the past 70 years there have been numerous floods and droughts (Rogers and O'Keeffe, 2003) . Very heavy rainfall in February 2000 resulted in a severe flood with a return period of 90-200 years (Smithers et al., 2001; Foxcroft et al., 2008-this issue) .
The lower reaches of the Sabie River (including KNP) are a bedrock-influenced system and are geomorphologically complex (Van Niekerk et al., 1995) . Uplift in the recent geological past and subsequent incision into the bedrock during the last 10 000 years has generated a river with steep valley sides and a 'flood-plain' restricted by the width of the incised channel (Partridge and Maude, 1987) . Soils are derived from the Transvaal system complex/super-group, consisting of the black reef series, dolomite series and the Archaean basement complex (Visser, 1989) . The Grassland plots overlay Timeball Hill Formation Shale and Malmani Group Dolomite, and the Savanna plots overlay Nelspruit Suite Granite.
The natural vegetation in the upper Sabie River catchment is winter-dormant, temperate Grassland with extensive areas of Afromontane forest in the valleys and the sheltered slopes of the escarpment (Nel et al., 1999 (Mucina and Rutherford, 2006) . However, the Sabie River riparian woodlands/forests are distinctly different from the surrounding vegetation types (Beater, 2006; Garner, 2006) , which are mapped at large spatial scales.
According to the Present Ecological State (PES) (www.csir. co.za/rhp) results, the Graskop reach is in Ecoregion 4.04 of the Sabie-Sand River System. The Sabie and Hazyview reaches are in Ecoregion 5.05. Ecoregion 4.04 includes extensive bedrock runs and slow, deep, sandy pools and has a good PES, although trout and alien vegetation influence its health. Ecoregion 5.05 includes cascades and rapids in the upper parts, while in the lower regions, the river is wide, having gentle gradients and sandy pools, and the overall PES is good. Riparian habitats and vegetation varies between good and poor. Roads and extensive plantations close to streams impair in-stream and riparian health due to erosion and sedimentation, which smother habitats.
Methods

Field sampling design
In the 1996/1997 growing season, forty (20 × 50 m) 1000 m 2 plots (modified Whittaker plots, Stohlgren et al., 1995) were first surveyed along the Sabie River (Garner and Witkowski, 1997) , with the long axis parallel to the river. Three 'treatments', Fig. 1 . Experimental layout of the 40 plots sampled in 1996/7 and 2005, based on a factorial design of three 'experimental treatments', namely (1) high altitude (Grassland) versus low altitude (Savanna) (=biome), (2) high alien invasion (N50% woody alien aerial cover) versus low invasion (b50%) (= invasion intensity) and (3) cleared versus uncleared (=clearing), and hence eight treatment combinations. Each of the eight treatment combinations has 5 replicate plots. namely (a) higher altitude (Grassland) versus lower altitude (Savanna) river reaches (= biome), (b) high invasion (N50% invasion intensity) versus low invasion (b 50%) (= invasion intensity), and (c) WfW cleared versus uncleared plots (= clearing), were assessed ( Fig. 1) , with 5 replicate plots per treatment combination. This is an assessment of a 'semi-natural experiment', with a full n = 3 factorial design and hence eight treatment combinations (see Table 2 ). The 2000 flood event caused major changes to river morphology, especially in the lower reaches (Rountree and Rogers, 2004) , and also resulted in the disappearance of the 'permanent' plot markers (metal fence droppers at each corner embedded in concrete). In 2005, the same 40 plots positioned as close as possible to the original 1996/7 plots (using the original GPS readings (Garner and Witkowski, 1997; Garner, 2006) ), were reassessed (Beater, 2006) . Access to the plots was relatively easy due to the extensive network of forest plantation roads, and road edge effects (e.g. Lamont et al., 1994 ) also influenced the plot environment. Because WfW had progressively been clearing alien plants along this river for a decade, there were no longer any uncleared plots by 2005. The 2005 data were compared across the same three original 'treatments', and, in addition, the changes over the intervening 8 years (1996/7 versus 2005) were analysed.
Field data collection occurred initially from October 1996 to the end of February 1997 February (1996 February /1997 , and then from February to April 2005 (2005 sampling). The Grassland plots were evenly split between the Sabie and Graskop regions, while all Savanna plots were in the Hazyview region. Plots were positioned centrally within the 30 m cleared exclusion zone (no plantations are allowed within this zone), on either side of the river, and orientated with the long axis parallel to the river bank. For each plot, the coordinates, altitude (Garmin GPS V), landscape context, slope steepness and aspect, as well as position relative to the river (Brunton Prismatic Compass with clinometer), were determined. 
Overstorey aerial cover and height structure
The overstorey aerial cover of woody plants was determined by the line intercept method, for (a) aliens, (b) indigenous and (c) in total in 1996/7 and for aliens only in 2005. At 10 m intervals along the 50 m plot length, five, 20 m lines across the plot were used to measure woody aerial cover in three height classes: (a) large trees (N 5 m in height), (b) small trees (between 2 and 5 m), and (c) saplings and shrubs (between 1 and 2 m, i.e. b 2 m). The percentage aerial cover of woody alien plants was used as the measure of 'invasion intensity'.
To determine the initial effectiveness of WfW clearing, the pre-clearing invasion intensity was estimated in 1996/7 by determining stem basal areas and densities of woody alien plants within a 100 m 2 (20 × 5 m) subplot centrally placed within the 1000 m 2 plot. Regressions relating alien aerial cover to (a) alien basal area and (b) density from the uncleared plots, provided estimates of pre-clearing alien aerial cover in already cleared plots from the basal areas and densities of cut stumps (Garner, 2006) . Total alien aerial cover showed a better linear relationship with basal area (r 2 = 0.44) than density. Differences in total and per height class aerial cover, were compared between 'treatments' for both 1996/7 and 2005 using three-way ANOVA and Tukey HSD. A three-way analysis of covariance (ANCOVA), with the 1996/7 data as a covariate, was also used to determine the long-term effects of the initial 1996/7 template on the results in 2005. Data were also compared between the three regions using one-way ANOVA and Tukey HSD. Statistical analyses were done in STATISTICA (1999 Edition). 
Ground cover
Within each 1000 m 2 (20 × 50 m) plot, ten 1 m 2 (0.5 × 2 m) plots were positioned around the periphery as described in Stohlgren et al. (1995) . Within these subplots, visual estimation of percentage cover was determined for each of (a) exposed soil, (b) rock, (c) litter, (d) grass (including sedges) and (e) other herbaceous plants. Differences in ground cover were compared between 'treatments' and regions using the same analyses as for invasion intensity.
Results
4.1. Overstorey aerial cover and height structure 4.1.1. Initial effects of WfW in 1996/7 -comparing between treatments
In 1996/7 total aerial cover (alien plus indigenous plants) as well as those N5 m, and 2-5 m in height was higher in the uncleared plots (Table 2 ; three-way ANOVA, P = 0.010, 0.019 and 0.016, respectively). However there were no differences in the 1-2 m height class. The aerial cover of 2-5 m tall plants was also higher in the Savanna relative to Grassland (Table 2 ; P b 0.001). Significant interactions were found between invasion intensity and clearing for total aerial cover (P = 0.023) and trees N5 m (P = 0.001), as well as a tendency for plants 2-5 m (P = 0.060), due to clearing resulting in greater changes in the high-relative to low-invaded plots. There was also a significant interaction between biome and invasion intensity for trees N5 m (P = 0.003), due to a greater difference under high invasion in the Grassland than in the Savanna.
The total aerial cover of indigenous trees, as well as those in the N 5 m and 2-5 m height classes in 1996/7 was higher under low invasion (Table 2 ; P b 0.001, P = 0.006 and 0.001, respectively). However there were no significant differences in indigenous plant cover in relation to clearing (P = 0.534) or between biomes (P = 0.396).
The aerial cover in 1996/7 of alien trees of 2-5 m and 1-2 m in height was higher in the Savanna (three-way ANOVA, P =0.005 and 0.026 respectively), whereas N 5 m aerial cover was higher in the Grassland (P = 0.028). As expected, total alien trees, as well as N5 m, 2-5 m and 1-2 m aerial cover were higher under high relative to low invasion (Table 2 ; P b 0.001, excepting P =0.027 for b 2 m). In addition, total, N5 m and 2-5 m alien aerial cover was higher in the uncleared plots (Table 2 ; P ≤ 0.001). Significant interactions were found between invasion intensity and clearing for total alien aerial cover (P = 0.002) and trees N 5 m (P b 0.001), as well as a tendency for those of 2-5 m (P = 0.058). These were in response to clearing under high invasion resulting in greater changes than under low invasion. There was also a significant interaction between biome and invasion intensity for trees N5 m (P = 0.007), with the Grassland showing greater changes under high invasion intensity than the Savanna.
As expected, the estimated pre-clearing alien aerial cover in 1996/7 was higher under high than low invasion (P b 0.001). By comparing the pre-and post-clearing alien aerial cover in the cleared plots in 1996/7, the initial effectiveness of the WfW treatments can be determined. Clearing was initially highly effective, particularly in the Grassland (high invasion intensity = 71% reduction, low = 94%) relative to the Savanna (high = 55% reduction, low = 52%). Hence, considering the cleared plots only, the overall pre-clearing invasion intensity was 62% in the Grassland, and WfW clearing in 1996/7 reduced it to only 12%. Similarly, the pre-clearing invasion was 44% in the Savanna, and WfW clearing reduced it to 20% (Table 2 ). In addition the early clearing had a major impact on vegetation structure, with clearing in high invasion Grassland resulting in the alien aerial cover of trees N 5 m in height being reduced from 67% to only 13% ( Table 2 ). The comparable result in the Savanna was a reduction from 28% to 1%.
Changes between 1996/7 and 2005
Considering changes from 1996/7 to 2005, the overall alien aerial cover remained largely unchanged (30.4 ± 4.6% in 1996/7, Table 3 Comparisons of ground cover categories (%; mean ± S. 31.9 ± 3.2% in 2005; Table 2 ), but the alien vegetation structure changed considerably (Fig. 2) . The aerial cover of alien trees N 5 m decreased, whereas that of aliens b 2 m increased, particularly in the Grassland and to a lesser extent in the Savanna (Table 2) . However, only half of the plots had been cleared in 1996/7 compared with all by 2005. Comparing only the originally cleared plots between years, alien aerial cover actually increased considerably, from 12% in 1996/7 to 27% in 2005 in the Grassland (Table 2) . Similarly, it increased from 20% in 1996/7 to 33% in 2005 in the Savanna. Breaking this down further, the high invasion cleared Grassland plots increased from 21% to 25% over time, and the low invasion from 3% to 29% (Table 2) . Similarly for the Savanna, it increased from 29% to 38% under high invasion, and from 11% to 27% under low invasion. There were no overall changes in alien aerial cover for either the Grassland or Savanna from 1996/7 to 2005 (P = 0.767 and P = 0.861, respectively; Fig. 3a) . However, the high and low invasion intensity sites became much more similar to each other by 2005, as did the originally cleared compared to uncleared plots, and hence there has been an overall homogenization of alien invasion intensity (Fig. 3b,c) . Thus the original (1996/7) invasion intensity and clearing 'template' did not persist over time. This was mirrored by the overall weak positive linear relationship between invasion intensities in 1996/7 and 2005 (Fig. 4) . The ANCOVA results also showed this homogenization over time as none of the covariate P values (the 1996/7 values) were significant, indicating no relationship between the 2005 and 1996/7 aerial cover.
WfW effects in 2005
By 2005, woody aliens were mostly small trees (2-5 m) and shrubs (1-2 m) (Fig. 5) . Vegetation structure was also more similar between biomes and regions (data not shown), although the Savanna had more alien plants of 2-5 m in height than the Grassland reaches (Table 2) .
Ground cover 4.2.1. Initial effects of WfW in 1996/7
In 1996/7, litter cover was higher with high relative to low invasion, as well as with clearing (Table 3 ; three-way ANOVA, P = 0.003 and P = 0.046 respectively). Litter cover also increased with increasing invasion intensity at the 0.1 ha plot scale (Fig. 6a) . Herbaceous cover was higher under low invasion, and with clearing (Table 3 ; P = 0.005 and P = 0.013). Significant interactions were found between biome and invasion intensity for litter, herbaceous and grass cover (Table 3 ; P = 0.036, P b 0.001 and P = 0.040, respectively), with increased invasion intensity resulting in higher litter in Grassland than Savanna; while it resulted in greater changes in herbaceous and grass cover in Savanna relative to Grassland. There were no differences in bare soil or rock cover in response to the treatments.
Changes between 1996/7 and 2005
In 1996/7, percentage ground cover followed the order herbs N grass N litter N bare soil N rock, whereas in 2005, it was litter N grass N herbs N bare soil N rock (Fig. 7a) . Considering changes between 1996/7 and 2005, bare soil and litter cover increased, herbaceous and grass cover decreased, and rock cover was unchanged (Fig. 7a) . None of the ANCOVA covariate (1996/7 values) P values were significant; thus there is no clear relationship between the 1996/7 and 2005 data.
WfW effects in 2005
There were no differences in the ground cover between the biomes or regions, except rock cover was higher in the Sabie region (data not shown), accounting for its overall higher level in the Grassland (three-way ANOVA, P = 0.025, Fig. 7b ). Bare soil and herbaceous cover were higher under low invasion (Table 3 ; P = 0.046 and 0.012 respectively), whereas litter cover tended to increase with increasing invasion intensity (Table 3 ; P = 0.005), but the slope of the graph in 2005 was almost flat relative to that of 1996/7 (Fig. 6) , again indicating increased homogenization over time. Rock cover was also higher with clearing (Table 3 ; P = 0.034). Significant interactions were found between biome and clearing for rock and grass (P = 0.025 and 0.046 respectively), with clearing resulting in greater changes in the Grassland than Savanna reach.
Effects of alien invasion intensity on indigenous vegetation aerial and ground cover
Increasing alien aerial tree cover resulted in considerable declines in indigenous aerial tree cover in 1996/7, in both Savanna and Grassland reaches (Fig. 8) , particularly in the uncleared plots. The cleared plots were very variable in indigenous aerial cover, indicating that some recovered well and others not. This poor initial recovery of indigenous woody plants in some plots, suggests the need for restorative planting of important riparian tree species.
Increasing alien aerial tree cover also resulted in declines in ground cover vegetation (grass and other herbaceous plants) in 1996/7 and 2005, in both Grassland and Savanna reaches ( 
Discussion
The 1996/7 cut-stump analysis showed the initial success of WfW clearing, with considerable reductions in woody alien aerial cover in response to WfW clearing in both Grassland and Savanna reaches. WfW was particularly effective in clearing the large alien trees that initially dominated on the Sabie River at the start of operations in the mid-90s (predominantly Eucalyptus grandis; Garner, 2006) . Hence one of the chief aims of WfW, to increase the water yield of these catchments, a very important ecosystem service in a water scarce country, was initially achieved (Le Maitre et al., 2000 , 2002 Dye and Jarmain, 2004) , as E. grandis has a very high transpiration rate. E. grandis is a typical transformer species that changes ecosystem function. Stream flow reductions of up to 100% from E. grandis infestations have been reported in the Grassland Biome (Van Lill et al., 1989) .
The structure of the alien vegetation changed dramatically over the years, particularly in the grassland reach, with reductions in tall trees and considerable increases in small trees and shrubs. The large increase in small trees and shrubs indicates that IAP regeneration is not well controlled. Changes in height structure also reflect changes in the assemblages of indigenous and alien plant species (Beater, 2006) . High alien invasion intensity clearly suppressed the indigenous woody vegetation in 1996/7. Indigenous species that usually form the upper canopy were clearly overtopped by taller alien species, and smaller indigenous growth forms may have been shaded out, by the taller-and often faster-growing alien plants (Van Wilgen and Richardson, 1985; Witkowski and Wilson, 2001 ). This is because competition for light is one of the primary mechanisms for change following alien invasions, resulting in shading of indigenous plants by the IAP (Standish et al., 2001; Iponga et al., in press ). After clearing of E. grandis and other IAP, there is likely to be a significant time lag before indigenous riparian trees can re-emerge to become canopy dominants in formerly heavily invaded sites due to the likelihood of a lack of propagules. In general, little is known about specific regeneration requirements of plants in the Savanna and Grassland Biomes (Witkowski and Garner, 2000) , including riparian trees, although some of the dominant riparian trees in the KNP have been studied (Mackenzie et al., 1999) . Hydrochory is particularly important in riparian woodland invasions, and has now been modelled in general for this system (Chambert and James, 2008) , but studies of important IAP species are also needed.
In order to return important tall indigenous riparian tree species, active restoration by seeding or replanted may be required at some sites. Sites with the highest initial density and cover of E. grandis in 1996/7 are also likely to be those with the poorest indigenous plant cover and diversity. The low invasion uncleared sites in the Grassland and Savanna reaches, with invasion intensities of only 11 ± 4% and 23 ± 7% respectively in 1996/7 have been selected as 'reference' sites, that is areas under relatively good condition that can be set as benchmarks to establish the recovery of typical riparian vegetation (Garner, 2006; Holmes et al., 2008-this issue) . Indigenous species suitable for restoration have been selected from these sites and are listed in Holmes et al. (2008-this issue) . However, if an even stricter criterion is considered appropriate (e.g. a lower alien invasion intensity), then the specific 0.1 ha plots that meet it can be selected (Garner, 2006) .
The ground cover already displayed large differences in response to variation in invasion intensity and with WfW clearing in 1996/7. As expected, high alien aerial cover resulted in suppression of grass and herbaceous cover, but herbaceous cover recovered in response to clearing (Table 3 ; Fig. 9 ). Litter cover increased with increasing invasion intensity (Table 3 ; Fig. 6 ), but it was WfW clearing in particular, especially in more heavily invaded sites, that contributed most, resulting in a thick litter layer of branches, twigs and leaves from cleared plants. This litter layer may greatly impede germination, seedling establishment and even growth of juveniles (e.g. Witkowski and Lamont, 1997) . The situation worsened from 1996/7 to 2005, as the herbaceous and grass cover had decreased significantly, while bare soil and litter had increased significantly, and hence resulted in greatly reduced surface stability (Cowling et al., 1976) . If this persists, then erosion will lead to increased sediment loads downstream after even relatively small floods, and stream banks are likely to lose stability.
Many of the changes observed over time (from 1996/7 to 2005) were also a response to the major February 2000 flood event, which cleared a large proportion of the vegetation, resulting in much greater rates of erosion and deposition of soils. Even the largest trees were not immune to the 2000 flood, with for example about 60% of large Ficus sycamorus trees removed on the Sabie River in the Kruger National Park (KNP), and the remaining individuals heavily damaged (Van der Velde, 2001) . Overall, the flood stripped trees, shrubs and reeds from the channel floor, and 75% of plant individuals were new while only 25% were residual (Parsons et al., 2005) , but there has been good recovery in the KNP since the flood (Foxcroft et al., 2008-this issue) . This flood may have had less of an effect in the more bedrock influenced channel upstream (Ecoregion 4.04) relative to the sediment influenced channel downstream in KNP (lower Ecoregion 5.05), but nonetheless it clearly had a major impact throughout the study sites as indicated by the apparent loss (or burial) of all the concrete imbedded plot corner markers. Floods through the fluvial erosion-deposition process provide environments for seedling establishment , and with the increasing propagule pressure of escalating densities of even more IAP species, alien seedlings often predominate (Beater, 2006; Witkowski and Garner, 2008-this issue) .
Floods remove vegetation, and result in increased availability of soil moisture, nutrients and light for variable time periods. IAPs, which often have more rapid growth rates than indigenous species, (MacDonald and Jarman, 1985; Fisher et al., 2006; Richardson et al., 2007) , particularly with enhanced resource availability (Witkowski et al., 1990a; Witkowski, 1991b) , will increase in relative abundance after each flood or other suitable disturbance event. In addition, fertilizers applied to agricultural fields and forest plantations wash down into streams and rivers and are deposited downstream, raising soil nutrient levels gradually and insidiously. Phosphorus in particular persists in the soil for a long period of time relative to nitrogen (Witkowski et al., 1990b) , and generally enhances the growth of IAP more than native species (Witkowski, 1991b (Witkowski, , 1994 Fisher et al., 2006) . These types of resource enrichments do indeed support the question, 'Are invasive species the drivers or passengers of change in degraded ecosystems? ' (MacDougall and Turkington, 2005) .
After about 10 years of WfW clearing, from 1995 to 2005, it is reasonable to expect that the alien invasion intensity would have decreased considerably. Initially, WfW was successful in clearing the large alien trees, but results have been poor since then. In the Grassland, pre-clearing alien aerial cover of 62% was reduced to 12% by clearing in 1996/7, but had increased to 27% by 2005. Similarly, the pre-clearing Savanna alien aerial cover was 44%, which was reduced to 20% by clearing in 1996/7, but increased to 33% by 2005. Hence, overall WfW is not achieving its primary aim of controlling woody alien plants. The nature of the alien invasion problem changed quite dramatically over the years, from one of cutting down relatively few large Eucalyptus trees in the mid-90s, to dealing with many more alien species that are having a significant impact and with more individual plants of smaller sizes in the 2000s (Beater, 2006; Witkowski and Garner, 2008-this issue) . However, the impacts of the 'new' alien plant assemblage on ecosystem services are less clear than with E. grandis.
The ANCOVA showed that there was virtually no relationship in the percentage alien aerial cover at the 0.1 ha plot scale between 2005 and 1996/7. A possible reason is that the 1996/7 plant community was in a more mature successional stage, having not experienced a major flood for decades, whereas the 2005 community was in an earlier successional stage, due to the 2000 flood on the Sabie River. Similarly the ground cover data were also much more similar between treatments in 2005 relative to 1996/7. Overall, there has been increasing homogenization across the study sites in alien aerial cover, as well as ground cover, over time. This homogenization is in response to the gradual spread of IAP across the study reaches (and increased IAP species, Beater, 2006) , WfW clearing throughout by 2005 (relative to only half the sites in 1996/7), and the 2000 flood event. However, alien aerial cover tended to be higher in Savanna than Grassland in 2005, particularly due to more 2-5 m tall trees in the Savanna. The higher invasion intensity in the Savanna could be due to its position lower in the catchment relative to the Grassland, and also possibly because of different channel morphologies. Areas lower down in the river receive seeds and other propagules of IAP that are transported from the upper catchment (Le Maitre et al., 2000) .
The results from this and allied studies on the Sabie River catchment (Morris et al., 2008-this issue; Witkowski and Garner, 2008-this issue) , as well as Foxcroft et al. (2008-this issue) support the contention that 'improved management of riparian systems demands the explicit and integrated consideration of critical processes at a range of spatial and temporal scales'. The large spatial and temporal variation considered here shows that biological invasions are highly dynamic in response to variations in inherent environmental factors, history, disturbances and management interventions. Hence an adaptive management approach is required to deal with them over the long term.
Recommendations for WfW and future research
This is one of the few studies that have assessed the clearing effectiveness of WfW, both initially at its start (cut-stump survey) and over its first decade (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , with a broad range of compositional (Beater, 2006; Garner, 2006) structural and functional aspects. Hence, it is recommended that monitoring should continue within the 40, 0.1 ha plots, as these are now extremely well characterised sites from both historical and ecological perspectives (see also Beater, 2006; Garner, 2006) . Monitoring of alien and indigenous woody plant aerial cover should continue as currently undertaken. However, for the ground cover, the use of landscape functional analysis (Tongway and Hindley, 2004) should be explored as this is a more comprehensive technique, particularly for assessing function over time.
More effective and frequent follow-up clearings are needed to control alien plant regeneration, which occurs through both resprouting from cut stumps and roots and seedling establishment (e.g. S. mauritianum; Witkowski and Garner, 2008-this issue) . The lack of clearing success also points to the need for greater flexibility in planning alien plant control in these Savanna and Grassland riparian woodlands. Alien plants respond rapidly to disturbances, such as the major 2000 flood event (Leroy, 2003) , or a high rainfall year (Morris et al., 2008-this issue) , and clearing efforts should respond appropriately, by becoming more frequent for a few years (after a major flood) or for only 1 or 2 years (after a high rainfall event) in order to prevent aliens from re-establishing, and producing and dispersing propagules downstream Witkowski and Garner, 2008-this issue) . It is also recommended that control operations are first undertaken upstream and progressively move downstream, in order to minimize reinvasion of downstream areas. Greater flexibility in managing the clearing operations again points to an adaptive management approach.
Cognisance needs to be taken of how the nature of the IAP problem in the Sabie River has changed over time, from mostly targeting large trees at the start (from 1995) to a suite of alien species with numerous individuals at various stages of regeneration at present. One implication is that training of clearing personnel needs to be more extensive in order to recognise a broader suite of alien species, but also the time required to deal with the increased density of plants needs serious consideration if clearing is to be effective. This type of post-clearing change in the nature of the IAP problem may indeed be the rule rather than the exception in most riparian ecosystems.
The study sites should be highly suitable for the release of biological control agents, for example those targeting some of the most problematic IAP species such as S. mauritianum (Witkowski and Garner, 2008-this issue) and C. decapetala (Kalibbala, 2008) . This would allow for improved post-release evaluation of agents through testing the effects of different alien invasion intensities, ground cover situations, etc. Habitat quality and other local effects often have important implications for the ultimate success of biological control agents (Moran et al., 2005) .
The main WfW treatment in these sites was "Fell Only", except in areas adjacent to plantations where logs were accessible and removed, and hence "Fell and Remove" was applied (Holmes et al., 2008-this issue) . "Fell and Burn" had not been attempted and might be difficult to apply as these riparian zones are typically not particularly flammable. That changed to some extent after the 2000 flood event, due to the deposition of large woody debris piles, mostly along the lower reaches of the river, and particularly within the KNP (Petit and Naiman, 2005) . These are highly flammable and pose a risk to the remaining indigenous trees which may not respond well to the ingress of fire. There may also be an interaction between fire and relative resprouting recovery of indigenous versus alien plant species (Luoga et al., 2004) . Fire will also influence seed bank survival and germination rates (Mbalo and Witkowski, 1997) . "Kill Standing" (Holmes et al., 2008-this issue) has also not been applied, but is strongly supported as an option to be explored.
